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(57) [Abstract] 

[Objective] To facilitate manufacture, allow for easy mounting of a light 
guide plate to a non-emissive display, and enhance visibility of 
reflective, non-emissive displays. 

[Constitution] A light guide plate 10A includes parallel alternating top 
tines T and valley fines Von a surface lOd opposite to a plane 10a and 
a prism array in which the valley lines and the top lines are present on 
virtual planes Al and A2, both planes being parallel to the plane 10a, 
wherein the angle a between the virtual plane Al and a slope SI on a 
side of each prism constituting the prism array is substantially equal to 
a critical angle of the light guide plate with respect to air, and the angle 
£ between the virtual plane Al and the other slope S2 the prism is 
substantially 2\ The angle fi is preferably equal to or less than JO* 
specified so that it grows larger as the distance is greater away from 
the straight panel light 12. The light guide plate may be used as a 
surface light source in both transmissive and reflective liquid crystal 
displays. 

[0018]... The prism array has alternating, parallel top lines T and valley 
Unes V, all perpendicular to the drawing paper surface. All the valley 
Unes V are on a virtual plane Al, while all the top lines T are on a 



2002$ 8J127B 14*590 HARAKENZO PAT. 



NO. 3431 P. 35 



virtual plane A2. The virtual planes Al, A2 are parallel to a plane 10a. 
Angles a and Ji are defined as the respective angles by which the 
slopes SI and S2 on the sides of the valley lines V inclines with respect 
to the virtual plane A2. 

[0019] First, desirable a values will be presented in reference to Figure 
1. The beam hitting the end surface 10c at angle 0 to the normal and 
then entering the light guide plate 10A travels as indicated by the 
alternate long and short dash line. The beam is incident to the slope SI 
at angle y 3 then to the plane 10a at angle A, and exits through the 
plane 10a at angle rj r Assuming these, thefollounng relationships hold: 
[0020) 

A~9Q 9 -($ + 2<t)...(l) 
sin 7) = n sinA..(3) ■ 

where n is the refractive index of the light guide plate 10A with respect 
to air. In the follcnving description, it is assumed that the light guide 
plate 10A is made of an acrylic resin with a refractive index n = 1.492. 
[0021] Under these circumstances, the critical angle is 42\ Conditions 
under which a ligffy beam is totally reflected off the plane 10a and 
travels in the light guide plate 10A are -48* <; 9 £ 4S 6 ; those under 
which a light beam incident to the slope SI is totally reflected off the 
slope Slisy^ 42°; and those under which a beam is totally reflected 
off the slope SI and passes through the plane 10a is A < 42. These 
conditions and Equations (l)-(3) give following values. 
[0022] j 
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The following conclusion is drawn from these values. 
[0023] (1) Light cannot exit through the plane 10a if a * 48\ 

(2) If a small angle a gives a wider range of angle ft beams leaving 
through the plane 10a comes to have oblique directivity. 

(3) The positive and negative ranges of the angle $ are equal if a = 
43°. 

[0024] Therefore, when the plane 10a is made cm acrylic resin, setting 
a to 43°, or to put it more generally, setting a to the critical angle of the 
light guide plate 10A with respect to air, is a preferable condition to the 
transmissive liquid crystal display panel 50, because beams leaving 
through the plane 10a have a symmetric intensity distribution with 
respect to the normal to the plane 10a. Meanwhile, preferred values of 
the angle fi and the prism depth d (the distance between the virtual 
planes Al, A2) are given as follows. 

[0025] If the prism depth d is too large, beams leaving through the 
plane 10a shows an uneven intensity distribution; if too small, the 
prism slope SI where light is totally reflected grows too small With the 
prism depth d fixed, too large fi results in too small an interval between 
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adjacent top tines T, that is, prism pitch, a larger amount of light 
reflected off the slope SI on the side of the end surface 10c, a larger 
amount of light traveling toward the end surface We, and a smaller 
portion of the slope SI through which light can enter the front prism. 
Conversely, too small J} results in light traveling too long a distance on 
average in the light guide plate 1 OA and hence increased loss due to 
decay. 

it wauia oe understood from these that me angle £ and the 
prism depth d have desirable ranges as a plane light source. We have 
found that typical practical ranges are fi > 10' and 5um£d£50um. 
Through numerical analysis, we have found that, under such practical 
conditions that the light guide plate lOAis made of an acrylic resin, the 
depth d is within the above range, and the distance (interval) between 
the end surfaces 10c, lOe is within 30-200 mm, fi is preferably so 
small as about 2° when applied to a plane light source of a 
transmissive or reflective liquid crystal display. 

[0036]... 

[Embodiment 6] The plane light source was supposed to be used with a 
transmissive, non-emissive display panel; as shown in Figure 7, it may 
be used with a reflective, non-emissive display panel, for example, 
reflective liquid crystal display panel 50A The plane light source in 
Figure 2 is devoid of a diffuser 20 and a reflector 16, includes in place 
of the transmissive liquid crystal display panel 50, a reflective liquid 
crystal display panel 50A which is turned upside down. 
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10037} Without the plane light source, the display produced by the 
reflective liquid crystal display panel 50A would be poorly visible in 
darkness; the provision of the plane light source opposite the reflective 
liquid crystal display panel' 50A makes the display readily visible in 
darkness, and its directivity allows for better efficiency of utilizing the 
Uhimmation from a tight 12 and hence power savings. Since when a = 
43* fi » 2 C , the prism array surface lOdis mostly flat and produces a 
display whach is for better focused on the reflective liquid crystal 
display panel 50A, and which thus delivers better visibility, than when 
a renticular lens is used. 

(0038] Under bright light, the light 12 may be turned off, which allows 
for power savings and therefore suitable for portable OA applications 
when compared to a trunsmissive liquid crystal display. The invention 
may vary: the approaches in 

Figures 3-6 may be of course adopted in the structure shown in Figure 
7. 

[0039] Further, the material for the light guide plate 10 is not limited to 
an acrylic resin or other transparent substances, and to make the 
intensity distribution of outgoing beams from the plane 10a mare 
uniform, may be light-scattering, but not visibly defocusing, substances. 
An example is a copolymer of methyl methacrylate and vinyl molecules, 
such as vinyl benzoate or triftuorinated methyl methacrylate. 
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